Introduction ! Despite antibiotic treatment, community-acquired pneumonia remains a disease with considerable morbidity and mortality [1] . A study of the German competence network on community-ac-quired pneumonia (CAP), CAPNETZ, revealed that 13.8 % of patients hospitalized with CAP die [2] . For decades, most studies investigating the etiology of CAP have identified Streptococcus pneumoniae as the most frequent pathogen in CAP [3] . Abstract ! Background: Pneumococcal pneumonia is still an important cause of mortality. The objective of this study was to compare frequency, clinical presentation, outcome and vaccination status of patients with pneumococcal community-acquired pneumonia (CAP) to CAP due to other or no detected pathogen based on data of the German Network for community-acquired pneumonia (CAPNETZ). Methods: Demographic, clinical and diagnostic data were recorded using standardized webbased data acquisition. Standardized microbiological sampling and work-up were conducted in each patient. Results: 7400 patients with CAP from twelve clinical centers throughout Germany were included. In 2259 patients (32 %) a pathogen was identified, Streptococcus pneumonia being the most frequent (n = 676, 30 % of all patients with identified pathogens). Compared to those with non-pneumococcal pneumonia, patients with pneumococcal pneumonia were more frequently admitted to hospital (80 % vs. 66 %, p < 0.001), had higher CURB score values on admission, had more frequently pleural effusion (19 % vs. 14 %, p = 0.001) and needed more frequently oxygen insufflation (58 % vs. 44 %, p < 0.001). There was no relevant difference in overall mortality. Conclusions: Pneumococcal pneumonia was associated with a more severe clinical course demanding more medical resources as compared to nonpneumococcal pneumonia. This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
Zusammenfassung
Most recent studies confirmed the impact of this pathogen and revealed that molecular methods are of increasing importance in the diagnosis of pneumococcal pneumonia [4] . Besides influenza, S. pneumoniae is currently the only pathogen in community-acquired pneumonia that can be targeted by a licensed vaccine [5] .
Since the mortality of pneumococcal pneumonia has not been changing for many years despite available antimicrobial agents with proven in vitro activity [6 -8] , prevention of pneumococcal infection by vaccination seems to be a rational approach in order to further decrease the public burden of disease. This analysis aims to investigate the characteristics, course and outcome of patients with pneumococcal pneumonia who were enrolled into the CAPNETZ cohort between 2002 and 2008 and compares them to patients with non-pneumococcal pneumonia.
To describe the burden of pneumococcal pneumonia, patients were divided into two groups: patients with pneumococcal pneumonia (CAP-P) and patients in whom other, non-pneumococcal pathogens or no pathogens were detected (CAP-nP).
Patients and Methods

!
Patient population
The inclusion criteria for the CAPNETZ study were age ≥ 18 years, the presence of a new infiltrate on chest radiography, and at least 1 of the following criteria: history of fever (temperature ≥ 38.3°C), cough, production of purulent sputum, or focal chest signs on auscultation. Patients who had been hospitalized during the 28 days preceding the study because of severe immunosuppression or active tuberculosis were excluded. The study was approved by the ethical review board of each participating clinical center, and all patients included gave informed consent.
Data collection
In this prospective study, all demographic, clinical and diagnostic data of the patients were recorded using standardized web-based data acquisition. The study period comprised 79 months starting on 1st June 2002 and ending 31st December 2008. Pneumococcal vaccination status was considered positive when patients had received pneumococcal vaccine within the last 5 years prior to enrollment.
Processing of samples
All available respiratory specimens and blood cultures were immediately processed in the local microbiology laboratories of the participating clinical centers. Gram staining and culture were performed for all respiratory samples. Validated sputum, blood culture samples, pleural fluid, and undiluted and serially diluted tracheobronchial aspirates, protected-specimen brush (PBS), and broncho-alveolar lavage fluid (BAL) samples were plated on blood-sheep agar, CDC anaerobic blood agar and chocolate agar. Undiluted PBS and BAL fluid samples were also cultured on charcoal-yeast extract agar if Legionella spp. was suspected. All Gramnegative pathogens were identified to species level according to standard methods. Urine was tested for the presence of S. pneumoniae and Legionella spp. antigens using the Binax Now test and Legionella Now test (Binax Inc), respectively. Standardized throat washings of all patients using sterile 0.9 % NaCl were sent immediately to the German reference center for influenza in Berlin.
RNA extraction and complementary DNA (cDNA) synthesis
Viral RNA was extracted using a commercial kit (QIAamp Viral RNA Kit, Qiagen, Hilden, Germany). Briefly: 150 μL of clinical specimen (throat swab, nasal swab or gargle) were mixed with an equal volume of lysis buffer AL, heated for 15 min at 70°C and applied to a spin column. Unbound material was removed by several washing steps, and the RNA eluted using 50 μL of RNAse-free water. The cDNA synthesis was carried out at 37°C for 1 hour using 10 μL of RNA, 100 U of murine leukemia virus reverse transcriptase {Gibco BRL, Life Technologies GmbH, Karlsruhe, Germany), 10 mM dithiothreitol, 150 μM (each) dATP, dCTP, dGTP, and dTTP [20 U RNAsin (Promega, Germany)] and 0.25 μM random hexamer primers}.
PCR and sequence analysis
The 
Definitions
S. pneumoniae was considered as pathogen when (i) isolated from blood cultures or pleural fluid cultures or (ii) in the presence of a good quality sputum revealing > 25 polymorphonuclear cells and < 10 epithelial cells per power field (total magnification × 100) and predominant growth in culture of sputum ( ≥ 10 6 cfu) or BAL ( ≥ 10 4 cfu/mL) or (iii) when the antigen was detected in urine. Analyses were based on the fact whether S. pneumoniae was detected in any microbiological assay or not: "S. pneumoniae detected" (CAP-P) or "non-S. pneumoniae detected" (CAP-nP).
Statistical analysis
Comparisons between groups were performed by means of the chi square test for categorical variables or Fisher's exact test in case of small expected frequencies and analysis of variances (AN-OVA) for continuous variables including multiple comparisons. Multivariate analysis of predictive factors for 30-day mortality and CAP due to S. pneumoniae was performed using binary logistic regression analysis. All analyses were performed with SPSS software (SPSS 10.0, Chicago, IL). All tests of significance were 2tailed, and alpha was set at 0.05. Table 1 . CAP-P patients were significantly more often smokers and suffered more often from hepatic and respiratory co-morbidities.
Results
General microbial patterns
In 387 patients data on microbiological testing were not available; these patients were excluded from further analysis. In 2259 of the remaining 7013 patients (32.2 % of all patients) a definite pathogen causing CAP could be identified. S. pneumoniae was confirmed as the predominant respiratory pathogen in the study population (29.9 % of all patients with a causative pathogen identified): it was detected as single pathogen in 529 patients and in additional 147 patients with polymicrobial infections. Of the 147 patients with polymicrobial infections, S. pneumoniae was classified as the leading pathogen in 106 cases.
In the "CAP-nP" group other pathogens were detected in 1583 patients with Mycoplasma pneumoniae as the most frequent pathogen (46 %) followed by Legionella pneumophila (17 %), influenza viruses (10 %) and Haemophilus influenzae (7 %). All other pathogens accounted for less than 5 %, respectively, of all CAP with identified pathogens. In 4754 patients all microbiological analyses remained negative.
Microbiological detection of S. pneumoniae infections
In 434 of 676 (64 %) patients with pneumococcal pneumonia, the pneumococcal antigen was detected in urine. In 182 patients (27 %) pneumococci were detected in sputum, and in 85 patients (13 %) there was a positive blood culture.
Signs, symptoms, chest-X-ray, laboratory values and CURB classification on admission
CAP-P patients presented more frequently with confusion, dyspnoea, fever and thoracic pain, and had more often purulent sputum. The proportion of CAP-P patients in CURB classes 2, 3 and 4 was higher and for CURB class 0 lower than for CAP-nP patients (• " Fig. 1) . Chest X-rays at the day of enrollment revealed more frequently parapneumonic effusion in CAP-P patients. CRP, BUN, WBC, serum glucose were significantly increased whereas serum sodium level was decreased in CAP-P patients (• " Table 2 ).
Clinical course and outcome
Significantly more patients with pneumococcal pneumonia required hospitalization, mechanically ventilation and oxygen insufflation (• " Table 3 ).
There was no significant difference regarding mortality between the groups. Chi square testing for CAP-P versus CAP-nP and death within 7, 14, 30 and 180 days revealed no statistically significant difference (• " Table 4 ). However, there was a trend for increased mortality in the CAP-P group within the first 30 days. Accordingly, survival curves demonstrate an earlier sharper decrease in the CAP-P group (• " Fig. 2 ). 75.9 % of the non-survivors in the CAP-P group died within the hospital (5.6 % at home and 7.4 % in nursing home) compared to 66.1 % of non survivors in the CAP-nP group (9.9 % at home and 10.1 % in nursing home). Table 6 ).
CAP-nP CAP-P
Eighty-five percent of patients who had received the pneumococcal polysaccharide vaccination were also vaccinated against influenza whereas only 66 % of patients who had not received the pneumococcal polysaccharide vaccine were vaccinated against influenza (chi square p < 0.001).
Discussion
!
In patients with moderate to severe CAP, morbidity and mortality remain a global problem: short-term mortality reaches 14 % (7 % if nursing-home residents and bedridden patients are excluded), and long-term mortality 50 % within five years [10] . While past studies revealed that prompt initiation of expanded-spectrum antimicrobial therapy is essential for the prevention of unnecessary mortality and complications in patients, particularly in the elderly and other at-risk populations [11] , new preventive strategies are needed to accomplish a reduction in CAP incidence and to reduce morbidity and mortality. To analyse the burden of pneumococcal pneumonia in adults and to investigate the impact of the available pneumococcal vaccine in the past decade, characteristics, course and outcome of patients with pneumococcal pneumonia were studied. This analysis is based on data of the German Network for Community Acquired Pneumonia (CAPNETZ), one of the largest prospective surveillance studies for the management of inpatients and outpatients with CAP worldwide. In contrast to other large surveillance studies, only patients with radiologically confirmed pneumonia are included. In fact, our data are in line with other studies showing that S. pneumoniae remains the most frequent pathogen in CAP, regardless of concerned patient group [12] (for review see [3] ). Despite this, we did not detect a higher overall mortality in pneumococcal pneumonia patients compared to those with other or no detected pathogens. However, patients with pneumococcal pneumonia had a significant more severe course of disease, e. g., more frequently parapneumonic effusion, higher CURB score on admission − CURB was chosen instead of CRB-65 because we wanted to assess the severity of disease independently of age. Age is a predictor of mortality, but not a parameter of severity by itself, and more resources (hospitalization, mechanical ventilation, oxygen insufflation) were required to treat these patients. An analysis regarding length of stay for hospitalized patients was not performed because the length of hospital stay may be biased by economical factors of the German reimbursement system. While PPV-23 vaccination protects − according to a Cochrane meta-analysis − against invasive pneumococcal diseases (OR 0.26, 95 % CI 0.15 to 0.46) such as bacteraemic pneumonia, data on non-bacteraemic pneumonia are inconclusive [13 -16] . In elderly nursing-home residents in Japan (mean age > 84 years), a randomized controlled trial recently demonstrated a benefit for PPV-23 in regard of the prevention of pneumococcal pneumonia [17] . Our data are in line with these findings, with PPV-23 vaccinated patients exhibiting a significantly reduced rate of pneumococcal bacteraemia with an OR similar to that of -analysis mentioned above (OR.28, 95 %CI 0.09 to 0.90). In our study, only a minority of patients with an indication for pneumococcal and influenza vaccination had actually received these vaccinations. This may explain the limited protective effect of PPV-23 in regard of mortality or hospitalization: Due to the low vaccination rate an underlying selection bias towards individuals with more co-morbidities cannot be excluded and could result in higher mortality in vaccinated patients. However, in both pneumococcal and nonpneumococcal pneumonia, vaccination rates were similar. Despite the possible selection bias, these findings are in line with several meta-analyses and a recently published cohort study demonstrating minor or no efficacy of PPV-23 in regard of noninvasive pneumococcal pneumonia [13 -16] . Our analysis is limited by following issues: severity and outcome of disease are influenced by three factors: pathogen, patient and treatment. Since certain patient characteristics and risk factors predispose for certain pathogens (e. g., M. pneumoniae is more frequently diagnosed in younger patients) [18] it is difficult − even with a large data base − to asses the contribution of an individual pathogen to outcome in comparison to all other causes of CAP. Another factor influencing our results is caused by different sensitivity and specificity of microbiological methods for certain pathogens. Particularly, the sensitivity of diagnostic procedures to detect S. pneumoniae is insufficient [19, 20] . The reader should be aware that within the CAP-nP group there may be numerous patients with pneumococcal pneumonia that has not been detected despite blood culture, sputum culture and urine antigen test. However, due to the different characteristics of patients infected with certain pathogens (e. g., significantly younger age of patients infected with Mycoplasma spp.) we used our group stratification, which may present an approach more reflecting every day clinical practice.
In conclusion, S. pneumoniae was the most frequent cause of CAP in our study. Pneumococcal pneumonia was associated with a more severe course demanding more medical resources than non-pneumococcal pneumonia.
